In a classical field model involving extended dual electromagnetic fields quark-like particles are shown to have fractional charges and a confining energy that provides an asymptotically free spherical surface. A suggestion is made for combining a measure of the confining energy with color in QCD.
INTRODUCTION
Recently [1] we proposed a quark-like model involving a non-linear extension of Maxwells equations. That model did not include a Lagrangian, the purpose of this note is to introduce one. It will be convenient first to summarize the essential features of the model:
Starting with the observation that for the Liénard-Wiechart solutions F µν and A µ for a point charge in arbitrary motion, the mixed field tensor W µν ≡ F µν + √ 2g −1 A µ A ν with charge g satisfies everywhere the null 2 conditions W µν W µν = 0, * W µν W µν = 0 (1.1)
This led to consideration of the non-gauge invariant equation (e = c = 1), ∂ µ W µν = −4π e j ν (1.2a)
Thus the total conserved current consists of the localized external current e j ν plus the field contribution √ 2(4πg) −1 ∂ µ (A µ A ν ). As shown below it is the latter in combination with external charges that allows for the realization of fractional charges.
Simple static and radially symmetric solutions of (1.2) to which the null conditions (1.1) are applied are considered below.
SOLUTIONS OF (1.2b)
For radially symmetric static solutions of (1.2b), where the null condition * W µν W µν = E · B = 0 is identically satisfied, involve the equations,
The asymptotic solution of (2.1), from the homogeneous equation
With (2.6) the homogeneous part of (2.2) can be written,
For any value of γ except γ = 1 treated separately below there are two indicial solutions of (2.7),
consisting of a Coulomb potential and for γ < 0 a possible absolute confining potential, where c may be positive or negative. In the following the particular solution to (2.2) for which (2.8) is the asymptotic solution will be called φ p . For any value of γ the total charge of the source in (2.2) using (2.8), (2.6) and applying the divergence theorem is
Using the divergence theorem in (2.1) the total 3-current of the source is e J(r)d
For γ = 1 the two indicial solutions of (2.7) merge to a single Coulomb solution so a second solution is needed. This is easily seen to be given by rφ ∼ log r. These solutions however will not be considered here any further.
NULL CONDITION AND FRACTIONAL CHARGES
Explicitly the null condition W µν = 0 is
The radially symmetric asymptotic solutions of (3.1) gives
Use of (2.6) and (2.8) yields a quadratic equation for the Coulomb charge b in (2.8),
Solutions b-with the minus sign in (3.3) have opposite signs to those with the plus sign b corresponding to g → −g. Thus the quadratic
has the two solution for b − ,
In (3.5) choosing γ 2 = 4 and g = ±1/3, on gets
With b = ±1/3, ±2/3 and γ = −2 one finds that the external charge (2.10) is ±1, ±2
respectively. (Other possible fractional values for b can be obtained, for example for γ 2 = 4 and
Choosing (2.9) to be a confining potential the value γ = −2 is used below.
LAGRANGIAN
A Lagrangian for (1.2b) cannot be obtained using only the field components in (1.2b), a supplemental field is required. To this end an additional electromagnetic field G µν is chosen with its associated potential V µ ,
The following Lagrangian includes F µν , A ν and G µν , V ν with their respective currents e j ν and * j ν .
3)
The total current
is conserved and for radially symmetric solutions considered here the 3-current J = 0.
From (4.3) the equation for V 4 = iΨ becomes
Both particular and homogeneous solutions of (4.5) will be considered. Consider first the homo-
Using the asymptotic value of A in (2.6) with γ = −2, (4.6) becomes
Thus asymptotically,
Using a simple expression for Ψ h in (4.6) such as
with arbitrary charge λ and a scale factor s > 0 one obtains for the 3-potential A,
With (4.10) in (2.2) one obtains the homogeneous solution for the confining potential corresponding to asymptotic (2.9),
where k is arbitrary with dimension of charge (k/s 3 replaces c in (2.9)). Substituting (4.9) in (2.1) one finds for the external 3-current density
Spatial integration of (4.12) is in accordance with (2.11).
For the 3-potential V in (4.3) we choose the external 3-current * J = 0 so the equation for V becomes
From the behavior of A in (4.10), dΨ h /dr from (4.9) and φ p at the origin and asymptotically, (taking φ p (0) = const), V ∼ r 2 and 1/r 3 respectively. A simple choice for V is then
(4.14)
with arbitrary charge τ . The particular solution φ p of (2.2) follows from (4.13),
Since φ p → b/r asymptotically this requires that
For the particular solution Ψ p of (4.5) we choose the same function as (4.17) allowing the associated charge * b to be different from the charge b in φ p ,
Applied to (4.5) one obtains the total charge density * ρ t (r) = √ 2(4πg)
The complete solution Ψ = Ψ p + Ψ h to (4.5) using (4.9), (4.18) and replacing λ by * λ,
MASS
From the Lagrangian (4.2) the canonical stress-energy tensor is
To represent the energy of a particle we choose, for simplicity, the stress-energy tensor of the electromagnetic fields of (5.1) involving F αµ and G αµ
with energy density 
with integrated energy
In (5.6) the first term is a Coulomb energy while the second is a van der Waals type energy in which dΨ h (λ)/dr goes as 1/r 4 asymptotically (see (4.9)) and dφ p (b)/dr goes as 1/r 2 . We interpret this as a binding energy for equal Ψ p and φ p in the expression for the Coulomb energy.
Using the functions (4.17) and (4.9), integration of (5.6) yields,
To include the confining energy we adopt a 'bag' model assuming zero interactions between particles and take the confining energy for a charge b to be given by bφ k . With (5.7) the energy
where For the two u-quarks and one d-quark in a proton their three positive color-contents combine as
with W p standing for white. The three RGB values have different magnitudes in general and move continually between the different bk values while maintaining color neutrality. For a color neutrality of white a 'palette' consisting of 3 equal color-contents in (6.3) results in the equalities,
Of note are the equal color-contents of the twin u-quarks where their color difference is reflected in the unequal k charges, k u and * k u . The only apparent physical distinction here is in their different confining energies, 2/3φ k . For a neutron with one u-quark and two d-quarks, their color-contents combine for color neutrality as
Similarly to the proton the equal color-contents of the twin d-quarks show their color difference reflected in the unequal k charges, k d and
The u-quark in (6.5) can be attached either to k u or * k u which one it may be is probably 
matching the number of 8 different gluons.
CONCLUSIONS
This model describes the mass-energy of quarks interacting with 8 confining charges that are identified with 8 gluons. The interactions appear in the confining energy and in the contributions to the quark mass by the interaction term 16bk/s (5.10). The mass-energy of gluons is not involved in the model so, for example, the gluon mass is not present.
The choice of the particular Lagrangian (4.2) is not conventional, missing as it does the usual kinetic terms F µν F µν and G µν G µν . This is overcome to the degree that the choice of equal particular solutions of the two field equations merges F µν and G µν and identifies the Coulomb energy term of a single charge shown in (5.6). In addition to the occurrence of fractional charges b = ±(2/3, −1/3) the homogeneous solution for the confining potential φ k leads to an asymptotically free spherical surface on which the charges can move freely without interaction. A second homogeneous solution contributes an additional energy of a characteristic van der Waals type.
These results based on the dual modified electromagnetic fields present a different and possibly fruitful perspective on QCD in spite of being incomplete, with spin and kinetic energy
absent. An open question is the unusual consequence, referred to above, where the identity of a single charge arises from the contributions of two different equations. Possible implications for an inner quark structure have not escaped our notice.
